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Biological Effects of Short-Term, High-
Concentration Exposure to Methyl
Isocyanate. V. Morphologic Evaluation of
Rat and Guinea Pig Lungs

by Edward H. Fowler,* Darol E. Dodd,* and

Catherine M. Troup*

The morphologic changes induced in the lungs of rats and guinea pigs exposed to high concentrations
of MIC vapor (100, 600, and 1000 ppm in the rat and 25, 125, 225, and 675 ppm in the guinea pig) for a
short time (15 min) in a static exposure chamber were evaluated at varying postexposure periods (0, 1, 2,
4, and 16 hr). The 675 ppm-exposed guinea pigs were evaluated only immediately following removal from
the chamber. Attention was primarily focused on the intrapulmonary conducting airways and the par-
enchyma (gas exchange region) of the lungs. The severity of morphologic changes observed by light
microscopy was directly correlated with exposure concentration and time postexposure in both species.
Specifically, degenerative changes were observed in the bronchial, bronchiolar, and alveolar epithelium
in both species. Quantitative differences were ohserved; 100 ppm of MIC in the rat resulted in much less
damage than did 125 ppm of MIC in the guinea pig. Morphologic evidence of sloughing of large sheets of
conducting airway epithelium with fibrin buildup and increased mucus production resulted in plugging
of major airways and atelectasis. These ohservations support the hypothesis that tissue hypoxia was a

major contributing factor resulting in death.

Introduction

Methyl isocyanate (MIC) is a highly reactive chemical
which causes severe necrosis of the mucosae lining the
respiratory tract. The nasal passages, larynx, trachea,
and larger conducting airways in the lungs underwent
necrosis when rats, mice, or guinea pigs were exposed
to concentrations as high as 20.4 ppm following an acute
dynamic exposure of 6 hr duration (Z,2). Guinea pigs
were more sensitive to MIC than rats, and rats were
more sensitive than mice.

Subsequent to the incident which occurred in Bhopal,
India, on December 3, 1984, Union Carbide initiated
additional studies at the Bushy Run Research Center.
These studies, designed to complement the studies
being conducted by NTP of NIEHS {see papers in this
issue), concentrated on short exposure to high vapor
concentrations of MIC in the two species which had
proven most sengitive in previous studies, and in which
qualitative morphologic differences had been found,
namely, the rat and guinea pig (7,2). Much of our pre-
vious work indieated that the principal region affected
following either single or repeated 6-hr exposures was
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the mucosa of the upper respiratory tract, as well as
the conducting airways of the lung (1-4). Consequently,
we elected to focus attention on the morphologic
changes induced by MIC on the conducting airways of
the lung, as well as on the pulmonary parenchyma, or
gas exchange regions. An ultrastructural evaluation of
the lungs will be submitted at a later time.

Materials and Methods

Specific pathogen-free (SPF) Sprague-Dawley rats
(Harlan Sprague-Dawley Ine., Indianapolis, IN) and
SPF Hartley strain guinea pigs (Hazelton-Dutchland
Lahoratories, Inc., Denver, PA) were exposed to MIC
vapor concentrations ranging from 25 to 3000 ppm for
short intervals (averaging 15 min) in a static exposure
chamber (3). Following removal from the chamber, the
animals were either sacrificed immediately (0 hr) or al-
iowed to survive for intervals of 1, 2, 4, or 16 hr before
sacrifice. A few animals were allowed to live up to 24
hr. Many animals died following exposure, especially
those exposed to concentrations of 225 ppm or higher;
guinea pigs died at lower concentrations than rats (3),

Blood samples were obtained either from anesthe-
tized animals prior to sacrifice or immediately following
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sacrifice for hematologic and blood chemistry analyses
(6). Blood was also obtained from selected guinea pigs
for determination of complement activity. Limited tis-
sues (lungs, heart, liver, kidney, and in some cases,
spleen) were collected immediately following sacrifice,
or death, if they could be harvested shortly after death.

Tissues from 97 rats exposed to target MIC concen-
trations of 0 (11), 100 (28), 600 (25), and 1000 (33) ppm
and from 75 guinea pigs exposed to target concentra-
tions of 0 (12), 25 (18), 125 (21), and 225 (24) ppm for
15 min were evaluated for this report. For all exposure
groups, tissues were evaluated by light microscopy from
animals sacrificed at 0, 1, 2, 4, and 16 hr following ter-
mination of exposures.

Four pairs of guinea pigs were exposed to a target
MIC concentration of 6756 ppm, with the expectation
that one of the guinea pigs would die during exposure
(5). When a death occurred, both guinea pigs were re-
moved from the exposure chamber as rapidly as possible
for collection of blood for complement activity (10). No
guinea pigs exposed at this concentration were allowed
to survive following exposure. The lungs from eight of
these guinea pigs were examined by light microscopy.

The tissues collected for light microscopy were placed
in 10% neutral buffered formalin for at least 24 hr before
being trimmed for processing. Tissues were trimmed to
include a portion of each of the lung lobes, major con-
ducting airways, several sections through the heart, as
well as cross or longitudinal sections of liver, kidneys
(both), and spleen. The tissues were embedded in par-
affin, sectioned at 5 um, and stained with hematoxylin
and eosin (H & E).

Results
Rats

No biclogically important morphologic changes were
found by light microscopy in tissues other than the
hings. A description of the changes associated with spe-
cific MIC exposure concentrations follows.

100 ppm. In comparison to control rats, the most
striking change was the immediate perivascular infil-
trate of neutrophils (Fig. 1). Lungs from rats sacrificed
at 0 hr had evidence of slight bronchiolar epithelial dam-
age consisting of increased acidophilia (eosinophilia) of
the cytoplasm and decreased cell contact.

At 1 hr postexposure, perivascular neutrophils were
still prominent. Bronchiolar epithelial cells were ob-
served lifting away from the basement membrane in
large sheets. At 2 hr, congestion and some foci of hem-
orrhage were found in the lungs, and at 4 hr postex-
posure, fibrin was present in some of the alveoli.

At 16 hr postexposure, in addition to the perivascular
edema, alveolar fibrin, focal hemorrhage, and neutro-
phils in the interstitial area, large plugs of fibrin and
cellular debris were present in some of the conducting
airways.

600 ppm. Bronchiolar epithelium was cbserved lift-
ing from the basement membrane in sheets immediately

FiGurE 1.

Perivascular neutrophilic infiltrate in the lung of a rat
sacrificed immediately following 15 min of exposure to 100 ppm of
MIC vapor. H & E, x 160.

following the 15-min exposure (0 hr), and cellular debris
was present in the bronechioles. Red blood cells were
found in some alveoli, and neutrophils were observed
in alveolar capillaries. By 1 hr postexposure, the airway
epithelium was necrotic and perivascular edema was
observed. Alveolar edema oceurred in the lungs of rats
sacrificed 2 hr following exposure. Pseudomembranes
consisting of fibrin and cellular debris were seen in bron-
chi and large bronchioles of rats sacrified 4 hr following
exposure. These pseudomembranes were more promi-
nent and larger in those rats sacrificed at 16 hr post-
exposure. Pleural effusion and fibrin accumulation on
the pleura, along with large areas of alveolar fibrin and
edema, were observed in rats sacrificed 16 hr postex-
posure. Degeneration of alveolar epithelial and endoth-
elial cells was apparent with light microscopy.

1000 ppm. The lungs of rats exposed to 1000 ppm
for 15 min had evidence of alterations that were more
severe and appeared earlier than those seen in the lower
exposure concentration groups. The bronehiolar epithe-
lium was cbserved lifting away from the basement mem-
brane immediately following termination of exposures
(Fig. 2). In addition, perivascular and interstitial neu-
trophils were prominent, RBCs were found in a few
alveoli, and congestion together with peribronchial and
perivascular edema were observed. At 1 hr postexpo-
sure, bronchioles were plugged with fibrin and cellular
debris that included neutrophils (Fig. 3).

Fibrin was present in the alveolar spaces 2 hr post-
exposure (Fig. 4). Multifocal areas of hemorrhage were
observed, and marked necrosis and pseudomembrane
formation oceurred in the airways.

At 4 hr postexposure, the lungs had evidence of
marked necrosis of bronchiolar epithelium (Fig. 5).
Pseudomembranes consisting of fibrin and sloughed tra-
cheal, bronchial, and bronchiolar epithelial cells with
infiltrating neutrophils were observed in the conducting
airways.

Rats surviving to 16 hr postexposure had marked
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Fioure 2. Bronchiolar epithelium lifting from its basement mem-
brane in the lung of a rat exposed 15 min to 1000 ppm of MIC
vapor and sacrificed itnmediately following termination of expo-
sures. H & E, x 160,
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FiGurRe 3. Plugging of bronchioles with fibrin and cells in the lung
of a rat sacrificed 1 hr following a 15-min exposure to 1000 ppm
of MIC vaper. H & E, x 63.

necrosis of airway epithelium with plugging of bron-
chioles. Changes in the deep parenchyma consisting of
alveolar edema, fibrin deposition, and multifocal hem-
orrhages were observed.

Guinea Pigs

A description of the microscopic changes seen in as-
sociation with specific MIC exposure coneentrations fol-
lows.

25 ppm. In contrast to control animals, the lungs of
guinea pigs sacrificed at 0 hr had evidence of mild bron-
chiolar epithelial cell degeneration characterized by
small numbers of exfoliated cells in the bronchioles. In
addition, mild perivascular and alveolar hemorrhage
were seen, Aggregates of neutrophils were adhering
within the blood vessels. At 1 hr postexposure, some

bronchioles appeared collapsed and areas of atelectasis
were observed. Multifocal hemorrhages and increased
sequestration of neutrophils in alveolar capillaries were
observed. Peribronchial edema was observed, and cel-
lular debris was found in the bronchiolar lumina.

At 2 hr postexposure, cell debris was evident within
bronchioles and alveolar spaces. Increased numbers of
neutrophils were observed in capillaries, and multifocal
atelectasis occurred. At 4 hr postexposure, the lesions
were similar but more marked. Some alveoli appeared
dilated in comparison to controls. At 16 hr postexpo-
sure, vacuolated alveolar epithelial cells could be seen
with the light microscope. Hemorrhage was scattered
throughout the lungs, and multifocal atelectasis was
present.

125 ppm. Immediately following termination of ex-
posures, bronchiolar epithelial degeneration with the
accumulation of much cellular debris in the bronchi were
observed (Fig. 6). Alveolar macrophages appeared vac-
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FiGUuRe 4. Alveolar fibrin present in a rat lung 2 hr following ex-
posure to 1000 ppm. H & E, x 160.

FiGure 5. Bronchiolar epithelial necrosis in the rat lung 4 hr fol-
lowing a 15-min exposure to 1000 ppm of MIC vapor. H& E, x
160.
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FIGURE 6. Abundant cellular debris plugging the bronchus of a
guinea pig exposed 15 min to 125 ppin of MIC vapor and sacrificed
immediately following termination of exposure. H & E, x 160,
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FIGURE 7. Hyaline membrane formation and alveclar fibrin and
hemmorhage in the lung of a guinea pig sacrificed 16 hr following
exposure to 125 pptn of MIC vapor for 156 min. H & E, x 160.

uolated in lungs from this group. At 1 hr postexposure,
hemorrhage, edema, and fibrin were observed in alveoli.
Neutrophils were sequestered in alveolar capillaries.
Bronchiolar epithelial degeneration, pseudomembrane
formation, and bronchiolitis obliterans were also ob-
served.

At 2 hr postexposure, guinea pig lungs had consid-
erable evidence of damage both in the conducting air-
ways and in the lung parenchyma. At 4 hr postexposure,
bronehiolar plugging and atelectasis were marked.

At 16 hr postexposure, guinea pig lungs had evidence
of hyaline membrane formation (Fig. 7), in addition to
alveolar edema and fibrin, alveolar epithelial cell de-
generation, and bronchiolitis obliterans.

225 ppm. At the termination of exposures, fibrin
and prominent cell debris, together with neutrophils,
were found in the condueting airways. Bronchiolitis ob-
literans was also observed. Alveolar edema and in-

creased numbers of alveolar macrophages were ob-
served in the lung parenchyma. By 1 hr postexposure,
large numbers of erythrocytes were present in the al-
veolar spaces. By 4 hr postexposure, a marked degree
of peeudomembrane formation was seen in the con-
ducting airways with marked multifocal alveolar edema,
hemorrhage, and neutrophilic infiltration.

None of the guinea pigs exposed to 225 ppm of MIC
vapor for 15 min survived 16 hr following exposure.
Several were necropsied when found dead the morning
after exposure, and there was evidence of damage to
and plugging of the small bronchi in one of these animals
(Fig. 8). Marked hemorrhage, inflammation, and
congestion were also apparent.

675 ppm. Immediately following exposure to 675
ppm of MIC vapor, bronchial epithelial cells were found
sloughing from the basement membrane and free in the
lumina of the bronchi. Further down the conducting
airways, but still in the bronchial region, the airways
were occluded by both intraluminal debris and contrac-
tion of smooth muscle. Perivascular edema was present
in the deep lung parenchyma, and multifocal hemor-
rhagic areas were found throughout the lungs.

Discussion

Nemery et al. (7) exposed rats to varying concentra-
tions of MIC vapor in a static exposure chamber for
periods up to 1 hr and reported destruction of epithelia
in the upper airways. These epithelia were usually
stripped from the basement membrane within 24 hr in
rats exposed to lethal concentrations. They further de-
scribed damage extending down inte the lung paren-
chyma involving alveolar epithelia and endothelial cells.
In the current study, the changes observed in the con-
ducting airways of the lung, as well as the parenchyma
(the alveolar ducts and alveoli), increased in severity
with both exposure concentration and time after ex-
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FIGURE 8. Marked inflammation and necrosis of a small bronchus
has resulted in plugging the lumen of the lung in this guinea pig
which died within 16 hr following a 15-min exposure to 225 ppm
of MIC vapor. H & E, x 160.
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posure. The changes found in the bronchioles consisted
of lifting the epithelium in sheets from the basement
membrane and necrosis of remaining epithelial cells.
This resulted in an influx of plasma proteins and fibrin
deposition leading to plugging of many of the major
airways. Deep in the lung, fibrin was found in many of
the alveoli, indicating damage to the alveoli

Despite the exposure of guinea pigs to MIC vapor
concentrations much lower than rats, the lesions ob-
served in the conducting airways and lung parenchyma
were more severe. Airway epithelial cell necrosis and
sloughing resulted in major obstructions in some of the
larger airways. As in the rat, neutrophils were seques-
tered in alveolar capillaries. Fragmented cellular mem-
brane material was found in the alveolar lumina. In
guinea pigs allowed to survive several hours postex-
posure, hyaline membranes were found along with fibrin
and cellular debris in the alveoli. This supports the ob-
servation of early mortality in the guinea pig at much
lower concentrations of MIC vapor when compared with
the rat (5).

The morphologic changes induced by high exposure
concentrations of MIC vapor in the lungs of rats and
guinea pigs support the biological effects observed in
other studies conducted by UCC (6,5,9). In the con-
trolled ventilation studies (8), we have shown that
within minutes there is an increase in intratracheal pres-
sure with marked shifts in both blood gases and pH.
These changes have been attributed to ventilation/per-
fusion inequality and intrapulmonary blood shunting.
The changes presumably could result from failure of the
air to reach the alveoli due to plugging. The present
morphelogic evaluation has shown that, immediately
following termination of the 15-min exposures, large
sheets of epithelial cells are virtually lifted from the
basement membrane in the conducting airways and that
these plug the more distal airways, resulting in atelec-
tasis.

We have shown previously that MIC vapor exposure
to rats, mice, and guinea pigs in a single 6-hr exposure
(1,2), as well as repeated 6-hr exposures of rats (3,4),
resulted in marked epithelial necrosis in the upper res-
piratory tract, including the nasal passages, larynx, and
trachea. Even higher exposure concenirations, albeit
for shorter periods, would be expected to result in ex-
foliation or sloughing of epithelium from these areas,
leading to further blockage of the airways as a result
of aspiration. In addition to the cellular debris present
in the airways, large masses of fibrin and some mucus
were added to the intraluminal material, resulting in
further obstruction. Bronchiolitis obliterans as a result
of intraluminal accumulation of debris and collapse of
the bronchioles was particularly evident in guinea pig
lungs, perhaps due in part to contraetion of peribron-
chiolar smooth muscle secondary to histamine release.

The damage to epithelia throughout the respiratory
tract contributes to the activation of the complement
system (10) resulting in the sequestration of neutrophils
in alveolar capillaries and infiltration into the perivas-
cular and peribronchial connective tissue, causing an

immediate peripheral neutropenia and rebound neutro-
philia (6). However, it does not appear that the neu-
trophilic sequestration or infiltration is of the magnitude
encountered in the animal models of adult respiratory
distress syndrome in man (11), nor does it appear that
the amount of alveolar edema or fibrin found in most of
the animals examined would have produced a severe
enough diffusion disturbance to prevent O, from reach-
ing the blood.

Our studies were designed to terminate a few hours
following exposure because of the high eoncentration of
MIC vapor used, often well above the LCgq (5). There-
fore, the intraluminal airway fibrosis described in rats
and mice earlier (1—4) and in other studies (12} was not
observed. We can speculate that, had animals been al-
lowed to survive, reparative processes would have oc-
curred, some of which weuld have produced fibrosis. A
previous MIC repeated exposure study in rats (3,13)
indicated that intraluminal airway fibrosis matured and
contracted during the 85 days of postexposure and that
interstitial fibrosis was minimal and multifocal in small
areas of the lung. No morphologic studies beyond 2
weeks postexposure have been conducted in the guinea
pig.

In conclusion, a short-term, high-concentration ex-
posure of MIC vapor to rats and guinea pigs resulted
in severe destruction of the epithelia lining the con-
ducting airways resulting in sloughing of large sheets
of epithelial cells which, together with fibrin and mucus,
caused plugging of the more distal airways and subse-
quent atelectasis. This airway obstruction resulted in
changes in the blood gases and pH (8), which resulted
in a shift in the oxygen dissociation curve of hemoglobin
(9) that very likely caused further tissue hypoxia with
the resulting death of the animal.
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for light microscopy and preparing the light photomicrographs. We
also thank Kathleen MeCabe for typing the manuseript.
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